(19) 



J) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

17.04.1996 Bulletin 1996/16 

(21) Application number: 95307263.4 

(22) Date of filing: 12.10.1995 



(n) EP 0707 183 A2 

EUROPEAN PATENT APPLICATION 

(51) mtci A F25D 21/06 



(84) Designated Contracting States: 


(72) Inventors: 


ESFRGBGRIT 


• Oden, Kenneth Woodward 




Charles Town, West Virginia 25414 (US) 


(30) Priority: 13.10.1994 US 322978 


* Selfridge, Glenn Decker 




Martinsburg, West Virginia 25401 (US) 


(71) Applicant: ROYAL VENDORS, Inc. 




Kearneysvilie, West Virginia 25430 (US) 


(74) Representative: Moreland, David, Dr. et al 




Fitzpatricks, 




4 West Regent Street 




Glasgow G2 1RS(GB) 



(54) Electronic refrigeration control system 

(57) The present invention is direct to a system and 
method for electronically controlling the refrigeration 
and/or heating of the product storage compartment in a 
vending machine (2). The system (1 ) includes a temper- 
ature sensor (5) for sensing the temperature in the prod- 
uct storage compartment (10), and a door sensor (8) for 
sensing whether the door (9) is open or closed. The con- 
trol method includes the steps of activating a defrost 
mode, which is a timed period with no heating or cooling 
activity, when the door (9) to the vending apparatus is 
open. The defrost mode is also activated whenever the 
cooling element (3) has been running continuously for 
several hours. Further, the control method includes a 
step of cycling the cooling element (3) "on" whenever a 
predetermined high temperature is reached. When the 
cooling element (3) is "off" for more than 6 hours and 
the predetermined high temperature has not been 
reached, the heater (4) is turned "on" to prevent the 
products in the vending machine from freezing. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention s 

The present invention is directed to a system and 
method for electronically controlling the refrigeration 
and/or heating of the product storage compartment in a 
vending apparatus. 

2. Related Art 

Currently, vending machines have widespread ap- 
plication and utilization. Vending machines can be found 
not only in restaurants and other eateries, but also both 
inside and outside such facilities as offices, recreation 
centers, hospitals, gasoline stations, and apartment 
complexes. Because of their location, vending machines 
often experience both high and low levels of usage over 
a period of time. Further, such machines may be ex- 
posed to extremes of temperature and humidity for ex- 
tended periods. Some vending machines are run for so 
long that ice and frost occur in the machines even though 
the products to be dispensed are warm. 

When a vending machine is exposed to extremely 
cold temperatures, its cooling system should not be run- 
ning continuously. In fact, prolonged periods of cold 
weather can freeze the products in the vending machine. 

Moreover, when a vending machine door is open for 
loading or servicing, continuing to run the machine's 
compressor may cause problems in normal operation. 

In the prior art, various types of systems have been 
proposed and implemented to optimize vending machine 
operation under varying conditions. For example, U.S. 
Patent No. 5,231 ,844 to Park discloses a refrigerator de- 
frost control method in which the refrigerator is defrosted 
by comparing a sensor temperature in the refrigerator 
with a predetermined temperature during a defrost peri- 
od. This defrost control method includes sensing the 
open/closed conditions of the refrigerator doors, and ac- 
tivating a defrost heater when the doors are closed. 

U.S. Patent No. 5,228,300 to Shim discloses an au- 
tomatic refrigerator operation control method that in- 
cludes controlling the temperature setting of a chamber; 
defrost cycling; and the operation of a compressor and 
fan motor according to the frequency of the door being 
opened and closed and to the open time of the door. 

U.S. Patent No. 5,046,324 to Otoh, et al. shows a 
defrosting controller for refrigeration systems. The con- 
troller determines a frost melting period from the meas- 
urements of the evaporator temperature during defrost- 
ing by means of an evaporator temperature sensor. 

U.S. Patent No. 4,932,217 to Meyer shows a proc- 
ess for controlling a heater; particularly, a defrost heater 
for refrigeration plants. In this process, the temperature 
of the room to be heated is measured at intervals of time 
and in each case a measured temperature value is 



2 

stored. 

U.S. Patent No. 4,916,91 2 to Levine, et al. shows a 
heat pump with adaptive frost determination functions. 

U.S. Patent No. 4,903,501 to Harl discloses a refrig- 
erator air-control heated baffle. 

U.S. Patent No. 4,850, 1 98 to Helt, et al. discloses a 
refrigerator compressor control method involving mo- 
mentarily energizing the compressor after extended off 
periods. 

U.S. Patent No. 4,745,629 to Essig, et al. discloses 
an improved duty-cycle timer that provides a duty-cycle 
control signal having alternate "on 0 and °off n intervats of 
different logic states. In one embodiment of this inven- 
tion, the duty-cycle timer controls operation of a refriger- 
ation circuit defrost mechanism. 

U.S. Patent No. 3,518,841 to West, Jr. discloses a 
household refrigerator apparatus that includes an evap- 
orator automatically defrostable through use of an elec- 
tric heating element energized at varying timed intervals. 

In comparison to the present invention, devices and 
systems known in the prior art, such as those discussed 
above, do not directly address or solve the problems to 
which the present invention is directed but rather suffer 
from those same problems and disadvantages. In par- 
ticular, conventional refrigeration control systems suffer 
from unnecessary compressor cycling when the refrig- 
eration system attempts to start before pressures have 
equalized in the evaporator and the condenser. Also, 
conventional control systems do not effectively maintain 
refrigerated compartment temperature when outside 
temperatures are extremely cold for extended periods. 
Instead, such systems remain unnecessarily idle, with 
the compressor off, for periods in excess of several 
hours, thereby allowing ambient conditions to determine 
the refrigerated compartment temperature. Even further, 
the conventional refrigeration control systems in the prior 
art do not provide service personnel any way to efficiently 
troubleshoot the vending machines. 

SUMMARY OF THE INVENTION 

One main object of the present invention is to pro- 
vide a system and method for efficiently controlling the 
refrigeration system (i.e., the compressor and its related 
components) and heating element of a vending machine. 
In particular, a specific object of the present invention is 
to provide a system and method of controlling a vending 
machine so as to prevent both unnecessary cycling of 
the compressor and ineffective maintenance of the re- 
frigerated compartment temperature under extreme op- 
erating conditions. The present invention includes spe- ' 
cific features that are lacking in the teachings of the prior 
art. 

The features of the present invention include the 
ability to activate a timed defrost mode with no heating 
or cooling activity, and the ability to use an electric heater 
to prevent products in the vending machine from freezing 
when outside temperatures are extremely low. Further, 
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the present invention includes a logic test with tempera- 
ture sensing to determine both ambient conditions and 
controlled cabinet temperature. 

Another object of the present invention is to provide 
an electronic control system that allows service person- 
nel to efficiently troubleshoot problems in the vending 
machine. In particular, the system provides service per- 
sonnel an electronic memory that stores information on 
error conditions and a display for showing the cabinet 
temperature at the sensor location. 

Overall, a main object of the present invention is to 
provide a system and method for controlling the temper- 
ature of a vending machine more efficiently and reliably. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is better understood by reading the fol- 
lowing detailed description of the preferred embodiment 
with reference to accompanying drawing figures, in 
which like reference numerals refer to like elements 
throughout: and in which: 

Figure 1 illustrates a circuit block diagram of one 
embodiment of the hardware implementation of the 
present invention; 

Figure 2 illustrates a circuit block diagram of the con- 
troller of the first embodiment of the present inven- 
tion as shown in Figure 1 ; and 
Figures 3a - 3c together illustrate the logic diagram 
for the refrigeration control system of a preferred 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In describing preferred embodiments of present in- 
vention illustrated in the drawings, specific terminology 
is employed for the sake of clarity, The invention is not 
intended to be limited to the specific terminology so se- 
lected, however, and it is to be understood that each spe- 
cific element includes all technical equivalents that op- 
erate in a similar manner to accomplish a similar pur- 
pose. 

In one embodiment, the present invention as illus- 
trated in Figure 1 is generally directed to a system 1 for 
controlling the operation of a cooling element 3 and a 
heater element 4 of a vending machine 2. In this embod- 
iment, the cooling element 3 is based on a vapor com- 
pression refrigeration cycle comprising a refrigeration 
fluid compressor and its associated components, while 
the heater element 4 is a silicon sheet heater bonded to 
a metal mounting bracket. The heater element 4 also has 
a built-in independent over-temperature safety control. 
A temperature sensor 5 (for example, a National Semi- 
conductor LM34DZ precision Fahrenheit temperature 
sensor) senses the temperature in the refrigerated com- 
partment 1 0 of the vending machine 2, and inputs a tem- 
perature signal to a controller 6. The controller 6 in this 



embodiment is based on a Motorola 68HC11E1 8-bit 
processor with one of its eight analog-to-digital inputs be- 
ing used to receive signals from the temperature sensor 

5. ' 

5 As shown in Figure 2, the controller 6 is organized 
as a main controller 6a with a refrigeration control 6b and 
a heater element control 6c. In this preferred embodi- 
ment, the main controller 6a, refrigeration control 6b and 
heater element control 6c are implemented as the oper- 

10 ating software of the controller 6. Thus, the controls 6a 
- 6c are , for example, first stored in ROM memory and 
then loaded into the RAM memory of a processor in the 
controller 6 when the controller 6 is first initialized. As will 
be explained below, the controller 6 also incorporates a 

1$ memory 12 (for example, a SGS Thompson M27c512 
64k x 8 bit EPROM) for storing the operating system of 
the controller 6, the parameters for various timers and 
temperatures used in the operation of the system, the 
status of various warning flags, as well as temperature 

20 readings made by the temperature sensor 5. A user in- 
terface 20 allows service personnel to access the con- 
troller, and thereby the memory 12, in order either to 
check the status of the warning flags or to change the 
operating parameters in the system. The user interface 

25 can be a hand-held terminal (e.g., a laptop computer) 
that connects to the controller through a TTL level 
RS-232 port for DEX transmissions. A display 7 is used 
to show the temperature of the refrigerated compartment 
of the vending machine. The display 7 can be an alpha- 

30 numeric display using LEDs, for example. A sensor 8 
connected to the door 9 of the refrigerated compartment 
1 0 is used to monitor the opening and closing of the door 
9. The sensor 8 in this embodiment is a switch (e.g., a 
momentary contact switch) that is activate/deactivated 

35 depending on the opening/closing of the door 9. 

The various timers 1 3 - 1 9, in this preferred embod- 
iment, are also software implemented in that they con- 
stitute software logic routines that are accessed as re- 
quired. Their parameters are initially stored in the mem- 

40 ory 1 2, and the timers can be operated, as an example, 
based on the internal clock of the processor in the con- 
troller 6. The internal clock provides the base timing puls- 
es which can then be counted and translated for the var- 
ious timer operations. 

45 in operation, the refrigeration control 6a cycles the 
refrigerated compartment of the vending machine be- 
tween a refrigeration cut-in or high temperature and a 
refrigeration cut-out or low temperature. The refrigera- 
tion cut-in and cut-out temperatures can be set by the 

50 manufacturer to have a limited range of adjustability; 
both temperatures are then stored in the memory 12. For 
example, the refrigeration cut-in temperature would be 
initially set to 41 °F by the manufacturer, and be adjust- 
able between 45° F and 39° F. On the other hand, the re- 

55 frigeration cut-out temperature would be initially set at 
29° F and be adjustable between 34° F and 24° F. 

The heater element control 6b cycles between a 
heating cutout or high temperature and a heating cut-in 
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or low temperature, in the present embodiment both the 
heating cut-out and cut-in temperatures are set by the 
manufacturer and are not adjustable; both temperatures 
also are stored in the memory 1 2. For example, the heat- 
ing cut-out temperature would be set to 36°F, while the 
heating cut-in temperature would be set to 32°F. 

The controller 6 is designed to produce five refriger- 
ation and heating control modes for the vending ma- 
chine. These modes are: 

1 . Defrost mode 

2. Refrigeration mode with cooling element "off" 

3. Refrigeration mode with cooling element "on" 

4. Heating mode with heating element "off" 

5. Heating mode with heating element "on" 

The defrost mode, a main feature of the present in- 
vention, is a timed period of inactivity wherein no active 
heating or cooling is performed by the system. As illus- 
trated in Figures 3a - 3c, when the door 9 of the vending 
machine 2 is opened (Step 100), the door sensor 8 is 
activated and a door safety timer 1 4 begins running (Step 
101) (e.g., for one hour) to signal that the door 9 is open. 
A first defrost timer 1 5 (Step 1 02) then starts to run (e.g., 
for 3.5 minutes) to monitor the defrost period. If the door 
9 is closed before the first defrost timer 15 runs out, the 
main controller 6a will detect the door 9 being closed 
through the door sensor 8 (Step 105). At that point, the 
main controller 6a will activate the refrigeration control 
6b to initiate a refrigeration mode with the cooling ele- 
ment 3 "off 1 (Step 1 07). If, however, the first defrost timer 
1 5 runs out before the door 9 is closed, the main control- 
ler 6a will first detect whether the door 9 is in fact closed 
using the door sensor 8 (Step 1 05). If not, the door safety 
timer 14 is checked to determine if it too has run out 
(Step 109). If the door safety timer 14 has run out, the 
temperature sensor 5 is checked to determine if the tem- 
perature in the refrigerated compartment 10 is a prede- 
termined amount (e.g., 3°) below the refrigeration 
cut-out temperature defined in the memory 12. If so, a 
"cold" error flag is set in the memory 12 to indicate that 
such a condition has occurred. After setting the "cold" 
error flag or if the temperature is not detected to be below 
the refrigeration cut-out temperature, control reverts to 
the refrigeration control 6b in the refrigeration mode with 
the cooling element 3 "off" within a preset time; for ex- 
ample, 30 seconds. 

The operation of the door safety timer 14 is used to 
monitor the door sensor 8. Should the door sensor 8 be 
defective, the main controller 6a would automatically 
transfer control to the refrigeration modes, starting with 
the mode having the cooling element 3 "off." This would 
allow the main controller 6a to monitor the temperature 
in the refrigerated compartment 10. For example, if a de- 
fective door sensor 8 was unable to detect the door 9 
being open for an extended period of time or if the de- 
fective door sensor 8 signaled that the door 9 was closed 
while in fact it was open, the main controller 6a would 



revert control to the refrigeration modes in order to pre- 
vent a significant loss in temperature. On the other hand, 
if the defective sensor 8 instead signaled that the door 9 
was open while in fact it was closed, the main controller 

5 6a reverting control to the refrigeration control 6b in the 
refrigeration mode with the cooling element °off u (Step 
107) would effectively ignore the erroneous signals and 
bypass the defective sensor 8. 

A second defrost timer 1 6 with a second defrost pe- 

10 riod can be initiated when the cooling element 3 has been 
running continuously for a predetermined time period 
(e.g., 4 hours). As shown in Figure 3b and as will be ex- 
plained below, the refrigeration mode with the cooling el- 
ement 3 n on K operates with a cooling element "on" timer 

15 1 8 (Step 1 21 ). In this embodiment, that cooling element 
"on* timer 18 is set for four hours. If the four hours run 
out, the second defrost timer 16 is activated (See Figure 
3a) for, in this case, 18 minutes (Step 108). With the sec- 
ond defrost timer 1 6 activated, the second defrost period 

20 continues operation similar to the first defrost period. Af- 
ter that second defrost period is completed, control re- 
verts to the refrigeration mode with the cooling element 
3 "off." 

In the two refrigeration modes, the cooling element 

25 3 is cycled either "on" (Step 1 20) or "off" (Step 1 07). For 
the refrigeration mode with the cooling element "off," a 
cooling element "off" timer 17 is initiated in step 1 06 (e.g., 
6 hours) and monitored (Step 117). During this time pe- 
riod, the refrigeration control 6b is constantly monitoring 

30 for the refrigeration cut-in temperature (Step 1 1 8) stored 
in the memory 12, and for the temperature of the refrig- 
erated compartment 10 to reach the predetermined 
amount below the refrigeration cut-out temperature 
(Step 116) through the temperature sensor 7, as ex- 

35 plained above. If the refrigeration cut-in temperature 
does occur as in Step 118, the refrigeration mode with 
the cooling element "on" operates as in Step 120. If the 
cooling element "off" timer 1 7 runs out without reaching 
the refrigeration cut-in temperature, the refrigeration 

40 control 6b will automatically assume that the outside am- 
bient temperature is too low. Consequently, control will 
revert to the heater element control 6c with the heating 
mode having the heater element 4 "on 0 to prevent the 
products in the vending machine from freezing, and the 

45 cooling element 3 from running when the outside ambi- 
ent temperature is lower than the temperature of the re- 
frigeration compartment 10. i 

As illustrated in Figure 3b, in the refrigeration mode 
with the cooling element "on 0 as in Step 1 20, the cooling 

50 element "on" timer 18 (Step 119) is initiated (e.g., 4 
hours) during which the refrigeration control 6b constant- 
ly monitors for the refrigeration cut-out temperature 
(Step 122) defined in the memory 12. The temperature 
of the refrigerated compartment 10 when the cooling el- 

55 ement 3 is activated is recorded, and a cooling timer 13 
is initiated to record the length of time of the cooling el- 
ement 3 running. If the cut-out temperature is reached, 
the refrigeration mode cycles the cooling element "off" 
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with the first defrost period (e.g., 3.5 minutes) as in Step 
102 initiating the first defrost timer 15. Effectively, after 
cycling in the refrigeration mode with the cooling element 
"on/ the cooling element 3 is turned "off" and the first 
defrost period is initiated before returning to the refriger- 
ation mode with the cooling element "off." If the cooling 
element "on" timer 18 runs out (Step 121), the refrigera- 
tion control 6b assumes that the heat exchanger 11 has 
developed ice and the second defrost timer 16 begins to 
run with the second defrost period (e.g., eighteen min- 
utes) as in Step 108. 

While monitoring for the refrigeration cut-out tem- 
perature, the refrigeration control 6b also compares the 
current temperature of the refrigerated compartment 10 
with the temperature measured when the cooling ele- 
ment 3 was activated and stored in the memory 1 2 (Step 
125). In other words, the temperature at TIME 0 is the 
temperature of the refrigerated compartment when the 
cooling element 3 was initially turned "on." If the current 
temperature is less than the temperature at TIME 0, the 
refrigeration control 6b continues monitoring. If the cur- 
rent temperature is greater, the refrigeration control 6b 
determines if that condition of the temperature has lasted 
more than a predetermined time period stored in the 
memory 1 2 (e.g., thirty minutes) (Step 1 24) based on the 
cooling timer 19. If the predetermined time period has 
not been exceeded, the refrigeration control 6b returns 
to monitoring for the refrigeration cut-out temperature 
(Step 122). If the time period has been exceeded, a "not 
cooling" error flag is set in the memory 12 to produce a 
warning. Afterward, the refrigeration control 6b again re- 
turns to monitoring. 

Also while monitoring for the refrigeration cut-out 
temperature, the refrigeration control 6b monitors the 
condition of the temperature sensor 5. This operation is 
intended to determine if any defects (e.g., a defective 
sensor, broken signal wires) exist in connection with the 
temperature sensor 5. If the temperature sensor 5 is de- 
tected to be "open" or not transmitting any signals (Step 
127), a "sensor open" error flag is set in the memory 12 
to generate a warning (Step 126). If the temperature sen- 
sor 5 is not detected to be "open," or after the setting of 
the "sensor open" error flag, the refrigeration control 6b 
returns to monitoring the cooling element "on" timer 18 
(Step 121). 

In the two heating modes, an electric heating ele- 
ment 4 is cycled either "on" (Step 1 29) or "off" (Step 1 32). 
As shown in Figure 3c, in the heating mode with the heat- 
ing element "on" (Step 129), the heating element control 
6c constantly measures for the heater cut-out tempera- 
ture (Step 130) defined in the memory 12. If the heater 
cut-out temperature is reached, control transfers to the 
heating mode with the heating element "off"; the heater 
is turned "off" (Step 131). 

in the heating mode with the heating element "off," 
the heating element control 6c constantly monitors for 
the predetermined heater cut-in temperature (Step 134) 
and a predetermined temperature (e.g., 50° F) that trans- 



fers control to the refrigeration mode with the cooling el- 
ement "on" (Step 133). If the heater cut-in temperature 
is reached as in Step 134, the heating element control 
6c cycles the heating element 4 in the heating mode with 

5 the heating element "on" (Step 129). As noted in Figure 
3c, no timers are utilized in either of the heating modes. 

Also illustrated in Figure 3a, Steps 110 through 114 
embody the "power up" sequence of the vending ma- 
chine 2. As shown, when power is initiated (Step 100), 

10 the controller 6 monitors whether the supply voltage re- 
ceived by the vending machine 2 is less than the power 
voltage requirement (e.g., 95 VAC) of the vending ma- 
chine 2 (Step 1 1 0). If the power voltage requirement has 
been reached, the controller 6 continuously monitors it. 

J 5 if not, a power-up timer (e.g., 30 seconds) is initiated to 
allow the voltage level to build up (Step 111). During this 
timer period, the controller 6 continuously determines 
whether the power voltage requirement is reached (Step 
112). If the required voltage is reached, the controller 6 

20 then switches to monitoring (Step 110). If not, the con- 
troller 6 checks the power-up timer 1 3 if it has run out 
(Step 113). While the power-up timer 13 is still running, 
the controller 6 will revert back to monitoring the buildup 
of the supply voltage (Step 112). If the power-up timer 

2S 1 3 has run out, a "voltage" error flag warning is set (Step 
114); afterward, the controller reverts to monitoring the 
supply voltage (Step 110). 

By virtue of the logical operation of the present in- 
vention, unnecessary cycling on the cooling element 

so and/or its related components is prevented. For exam- 
ple, if a cooling element based on a compressor is used, 
the compressor can be prevented from starting before 
the pressures in its evaporator and condenser have 
equalized by the timed defrost period. Further, the logical 

3S operation prevents the ineffective control of the temper- 
ature under extreme ambient temperature conditions. 
The timed defrost period also eliminates the occurrence 
of evaporator icing when the vending machine products 
are warm. 

40 Modifications and variations of the above -described 
embodiments of the present invention are possible as 
appreciated by those skilled in the art in light of the above 
teachings. For example, the structure and operation of 
the controller 6, such as the various timers, the ref riger- 

45 ation control, the heater element control and the memo- 
ry, can all be embodied not only in hardware, but also in 
software. Instead of a cooling system based on a refrig- 
eration fluid compressor with an evaporator and con- 
denser, the present invention can also operate using 

50 thermoelectric or absorption cooling cycles. Also, the 
system can incorporate relay drivers and high-voltage 
relays (for example, a ULN relay driver with a 74HC595 
serial input-to-parallel output shift register) in order to de- 
liver the necessary voltage and current levels to the cool- 

55 jng element and heater element systems. Alternatively, 
the system can incorporate power electronic circuits de- 
signed to handle such high levels of power, in order to 
integrate the structure and features of the invention in a 
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more compact device. Also, instead of interfacing using 
a user interface 20 to access the memory 12, user con- 
trols (i.e., switches, a keypad) can be built in with the 
controller 6 that could be used to signal the controller to 
display the information from the memory 12 on the dis- 
play 7. 

Consequently, it is therefore to be understood that, 
within the scope of the appending claims and their equiv- 
alence, the invention may be practiced otherwise than it 
is specifically described. 



Claims 

1. An electronic refrigeration and heating control sys- 
tem for a vending machine having a storage com- 
partment, a cooling element, and a heating element, 
the control system comprising: 

a temperature sensor sensing the temperature 
of the storage compartment; 
a storage compartment sensor detecting 
whether the storage compartment of the vend- 
ing machine is open or closed; and 
controller means connected to said temperature 
sensor, and said storage compartment sensor, 
for maintaining the storage compartment in one 
of a state of cooling with said cooling element 
in an ON state, cooling with said cooling ele- 
ment in an OFF state, heating with said heating 
element in an ON state, heating with said heat- 
ing element in an OFF state, and defrosting with 
both said cooling and heating elements in an 
OFF state. 

2. A control system as claimed in claim 1 , wherein said 
controller means includes timer means for monitor- 
ing a time of maintaining the storage compartment 
in each of said states of cooling with said cooling 
element in an ON state, cooling with said cooling ele- 
ment in an OFF state, and defrosting with both said 
cooling and heating elements in an OFF state. 

3. A control system as claimed in claim 2, wherein said 
controller means includes a memory for storing timer 
data used with said timer means for each of said 
cooling and defrosting states. 

4. A system for electronically controlling the refrigera- 
tion and heating of a product storage compartment 
of a vending machine having a door, the system 
comprising: 

a temperature sensor sensing the temperature 

of the storage compartment; 

a door sensor detecting whether the door of the 

vending machine is open or closed; 

a cooling element for refrigerating the refriger- 



ated compartment; 

a heater element for heating the refrigerated 
compartment; and 

an electronic controller connected to said tem- 

5 perature sensor, door sensor, cooling element, 

and heater element, said controller including 
refrigeration control means for controlling refrig- 
eration of the storage compartment in at least 
one of a refrigeration mode with said cooling 

10 element in an ON state and a refrigeration mode 

with said cooling element in an OFF state, 
heating control means for controlling heating of 
the storage compartment in at least one of a 
heating mode with said heater element in an ON 

'5 state and a heating mode with said heater ele- 

ment in an OFF state, and 
main control means for controlling defrosting of 
the storage compartment in a defrost mode with 
both said cooling element and said heater ele- 

20 ment in an OFF state, and for switching control 

between said refrigeration control means, said 
heating control means and said defrost mode 
based on signals from at least said temperature 
sensor aid said door sensor. 

25 

5. A system for electronically controlling the refrigera- 
tion and heating of a product storage compartment 
as claimed in claim 4, the system further comprising: 

a user interface connected to said electronic 
30 controller to access control data from said electronic ' 
controller. 

6. A system for electronically controlling the refrigera- 
tion and heating of a product storage compartment 

35 as claimed in claim 4, wherein said main control 
means includes a door safety timer for monitoring 
when the door of the storage compartment is open 
and a defrost timer for monitoring a time of the 
defrost mode. 

40 

7. A system for electronically controlling the refrigera- 
tion and heating of a product storage compartment 
as claimed in claim 4, wherein said refrigeration con- 
trol means includes a cooling element OFF timer for 

4$ monitoring a time of said cooling element being OFF, 
a cooling element ON-timer for monitoring a time of 
said cooling element being ON and a cooling timer 
for monitoring a time of the temperature in the stor- 
age compartment dropping. 

50 

8. A system for electronically controlling the refrigera- 
tion and heating of a product storage compartment 
as claimed in claim 4, wherein said main control 
means includes a memory for storing temperature 

55 control data and timer data used in said main control 
means, said refrigeration control means and said 
heating control means, and error flag data gener- 
ated by said electronic controller. 
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9. A system for electronically controlling the refrigera- 
tion and heating of a product storage compartment 
as claimed in claim 8, the system further comprising: 

a user interface connected to said electronic 
controller to access the temperature control data, 
timer data and error flag data from said memory of 
said electronic controller. 

10. A control circuit for electronically controlling the 
refrigeration and heating of a storage compartment 
of a vending machine, said vending machine having 
a door, a cooling element and a heater element, the 
circuit comprising: 

a temperature sensor sensing the temperature 
of the storage compartment; 
a door sensor detecting whether the door of the 
vending machine is open; 
a main controller connected to said temperature 
sensor, door sensor, cooling element, and 
heater element, said main controller maintain- 
ing both the cooling element and the heater ele- 
ment in an OFF state; 

a refrigeration controller connected to said main 
controller, said refrigeration controller control- 
ling said cooling element in one of an ON state 
and an OFF state; 

a heating controller connected to said main con- 
troller, said heating controller controlling said 
heater element in one of an ON state and an 
OFF state; and 

a memory for storing temperature control data 
and timer data used in said main controller, said 
refrigeration controller, and said heating control- 
ler, and error flag data generated by said main 
controller, wherein 

said main controller further controls switching 
operation with one of said refrigeration control- 
ler and said heating controller based on signals 
from at least said temperature sensor and said 
door sensor. 

11. A control circuit for electronically controlling the 
refrigeration and heating of a storage compartment 
as claimed in claim 1 0, the circuit further comprising: 

a user interface connected to said main con- 
troller to access the temperature control data, timer 
data, and error flag data from said memory. 

12. A control circuit for electronically controlling the 
refrigeration and heating of a storage compartment 
as claimed in claim 10, wherein said main controller 
includes a door safety timer for monitoring when the 
door of the storage compartment is open and a 
defrost timer for monitoring a time of said cooling 
and heater elements being in an OFF state. 

13. A control circuit for electronically controlling the 



refrigeration and heating of a storage compartment 
as claimed in claim 10, wherein said refrigeration 
' controller includes a cooling element OFF timer for 
monitoring a time of the cooling element being OFF, 
5 a cooling element ON timer for monitoring a time of 
the cooling element being ON and a cooling timer 
for monitoring a time of the temperature in the stor- 
age compartment dropping. 

10 14. A method for electronically controlling the refrigera- 
tion and heating of a product storage compartment 
in a vending apparatus, comprising the steps of: 

sensing a temperature in the product storage 

*5 compartment; 

determining whether the product storage com- 
partment is open or closed; and 
maintaining the product storage compartment in 
one of a defrost mode, a passive refrigeration 

20 mode, a passive heating mode, an active refrig- 

eration mode, and an active heating mode 
based on said sensing of the temperature and 
said determining whether the product storage 
compartment is open, wherein 

25 said passive refrigeration mode includes moni- 

toring a refrigeration temperature of the product 
storage cpmpartment, switching to said active 
heating mode when said passive refrigeration 
mode exceeds a passive predetermined time 

30 period, and switching to said active refrigeration 

mode when the refrigeration temperature 
reaches a predetermined refrigeration cut-in 
temperature, 

said active refrigeration mode includes refriger- 

35 ating the product storage compartment for an 

active predetermined time period, switching to 
said defrost mode when refrigerating the prod- 
uct storage compartment reaches a predeter- 
mined refrigeration cut-out temperature and 

^o switching to said defrost mode when refrigerat- 

ing the product storage compartment reaches 
the active predetermined time period, 
said passive heating mode includes monitoring 
a heating temperature of the product storage 

^5 compartment, switching to said active heating 

mode when the heating temperature drops to a 
predetermined heating cut-in temperature and 
switching to said active refrigeration control 
when the heating temperature reaches the pre- 

50 determined refrigeration cut-in temperature, 

said active heating mode includes heating the 
product storage compartment and switching to 
said passive heating mode when the heating 
temperature during the heating of the product 

55 storage compartment reaches a predetermined 

heating cut-out temperature, and 
said defrost mode includes maintaining refriger- 
ation and heating control of the product storage 
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compartment inactive for a predetermined 
defrost time period and switching to said pas- 
sive refrigeration mode when the predeter- 
mined defrost time period is reached and the 
product storage compartment is determined to 
be closed. 

15. A method for electronically controlling the refrigera- 
tion and heating of a product storage compartment 
as claimed in claim 14, wherein said defrost mode 
further includes maintaining the refrigeration and 
heating control of the product storage compartment 
inactive for a predetermined door-open safety time 
period and switching to said passive refrigeration 
mode when the predetermined door-open safety 
time period is reached and the product storage com- 
partment is determined to be open. 

16. A method for electronically controlling the refrigera- 
tion and heating of a product storage compartment 
as claimed in claim 14, wherein said passive refrig- 
eration mode further includes determining whether 
the temperature of the product storage compartment 
is lower than the predetermined refrigeration cut-out 
temperature by a predetermined difference, and set- 
ting a cold error flag warning when the temperature 
of the product storage compartment is lower than the 
predetermined refrigeration cut-out temperature by 
the predetermined difference. 

17. A method for electronically controlling the refrigera- 
tion and heating of a product storage compartment 
as claimed in claim 14, wherein said active refriger- 
ation mode further includes determining if a current 
temperature of the product storage compartment is 
less than a prior temperature, determining if the cur- 
rent temperature of the product storage compart- 
ment has been less than the prior temperature for a 
predetermined cooling time period, and setting a 
not-cooling error flag warning when the current tem- 
perature of the product storage compartment is 
determined to having been less than the prior tem- 
perature for the predetermined cooling time period. 

18. A method for electronically refrigerating and heating 
a product storage compartment in a vending appa- 
ratus which has a door, a cooling element and a 
heater, said method comprising the steps of: 

sensing a temperature in the product storage 
compartment; 

determining whether the door of the vending 
apparatus is open or closed; 
maintaining refrigeration and heating of the 
product storage compartment inactive for a first 
predetermined defrost time period; 
passively refrigerating the product storage com- 
partment with the cooling element in an OFF 



state when the first predetermined defrost time 
period is reached and the product storage com- 
partment is determined to be closed; 
monitoring the temperature of the product stor- 
5 age compartment during said passive refriger- 

ating for a passive predetermined time period; 
actively refrigerating the product storage com- 
partment with the cooling element in an ON 
state when the temperature of the product stor- 
es age compartment reaches a predetermined 
refrigeration cut-in temperature for an active 
predetermined time period: 
switching to maintaining refrigeration and heat- 
ing of the product storage compartment inactive 
'5 for the first predetermined defrost time period 
when said active refrigerating of the product 
storage compartment reaches a predetermined 
refrigeration cut-out temperature; 
switching to maintaining refrigeration and heat- 
20 ing of the product storage compartment inactive 
for a second predetermined defrost time period 
when said active refrigerating of the product 
storage compartment reaches the active prede- 
termined time period; 
25 actively heating the product storage compart- 
ment with the heater in an ON state when the 
passive predetermined time period is reached; 
passively heating the product storage compart- 
ment with the heater in an OFF state after 
30 actively heating the product storage compart- 
ment when the temperature of the product stor- 
age compartment reaches a predetermined 
heating cut-out temperature; 
monitoring the temperature of the product stor- 
es age compartment during said passive heating; 

actively heating the product storage compart- 
ment with the heater in the ON state when the 
temperature of the product storage compart- 
ment drops to a predetermined heating cut-in 
40 temperature during said passive heating; and 

actively refrigerating the product storage com- 
partment with the cooling element in an ON 
state when the heating temperature reaches the 
predetermined refrigeration cut-in temperature 
4 $ during said passive heating. 

19. A method for electronically refrigerating and heating 
a product storage compartment as claimed in claim 
18, further comprising the steps of: 

so 

maintaining refrigeration and heating of the 
product storage compartment inactive for a pre- 
determined door-open safety time period if the 
door is determined to be open; and 
55 passively refrigerating the product storage com- 

partment when the predetermined door-open 
safety time period is reached and the door is 
determined to be open. 
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20. A method for electronically refrigerating and heating 
a product storage compartment as claimed in claim 
IB, wherein said step of passively refrigerating 
includes determining whether the temperature of the 
product storage compartment is lower than the pre- 
determined refrigeration cut-out temperature by a 
predetermined difference, and setting a cold error 
flag warning when the temperature of the product 
storage compartment is lower than the predeter- 
mined refrigeration cut-out temperature by the pre- 
determined difference. 

21. A method for electronically refrigerating and heating 
a product storage compartment as claimed in claim 
18, wherein said step of actively refrigerating 
includes determining if a current temperature of the 
product storage compartment Is less than a prior 
temperature, determining If the current temperature 
of the product storage compartment has been less 
than the prior temperature for a predetermined cool- 
ing time period, and setting a not-cooling error flag 
warning when the current temperature of the product 
storage compartment is determined to having been 
less than the prior temperature for the predeter- 
mined cooling time period. 

22. A method for refrigerating and heating a vending 
machine having a storage compartment and a door, 
said method comprising the steps of: 

sensing a temperature in the storage compart- 
ment; 

sensing whether the door is open or closed; 
maintaining refrigeration and heating of the stor- 
age compartment inactive for a first predeter- 
mined defrost time period; 
refrigerating the storage compartment for a pre- 
determined refrigerating time period when the 
first predetermined defrost time period is 
reached and the storage compartment is deter- 
mined to be closed; 

switching to maintaining refrigeration and heat- 
ing of the storage compartment inactive for the 
first predetermined defrost time period when the 
temperature of the storage compartment during 
said refrigerating of the storage compartment 
reaches a predetermined refrigeration cut-out 
temperature; 

switching to maintaining refrigeration and heat- 
ing of the storage compartment inactive for a 
second predetermined defrost time period when 
said refrigerating of the storage compartment 
reaches the predetermined refrigerating time 
period: 

heating the storage compartment when the tem- 
perature of the storage compartment drops to a 
predetermined heating cut-in temperature and 
until a predetermined heating cut-out tempera- 



ture is reached; and 

switching to refrigerating the storage compart- 
ment after said heating when the temperature 
of the storage compartment reaches the prede- 
5 tenmined refrigeration cut-in temperature. 

23. A method for refrigerating and heating a vending 
machine as claimed in claim 22, said method further 
comprising the steps of: 

w 

maintaining refrigeration and heating of the stor- 
age compartment inactive for a predetermined 
door-open safety time period if the door is deter- 
mined to be open; and 
'5 refrigerating the storage compartment when the 

predetermined door-open safety time period is 
reached and the door is determined to be open. 

24. A method for refrigerating and heating a vending 
20 machine as claimed in claim 22, wherein said step 

of refrigerating includes determining whether the 
temperature of the storage compartment is lower 
than the predetermined refrigeration cut-out temper- 
ature by a predetermined difference, and setting a 
25 cold error flag warning when the temperature of the 
storage compartment is lower than the predeter- 
mined refrigeration cut-out temperature by the pre- 
determined difference. 

30 25. A method for refrigerating and heating a vending 
machine as claimed in claim 22, wherein said step 
of refrigerating includes-determining if a current 
temperature of the storage compartment is less than 
a prior temperature, determining if the current tem- 

3S perature of the storage compartment has been less 
than the prior temperature for a predetermined cool- 
ing time period, and setting a not-cooling error flag 
warning when the current temperature of the storage 
compartment is determined to having been less than 

^0 the prior temperature for the predetermined cooling 
time period. 

26. A method for controlling refrigeration and heating of 
a vending machine having a storage compartment, 
45 a cooling element, and a heating element, said 
method comprising the steps of: 

sensing a temperature in the storage compart- 
ment; 

50 sensing whether the storage compartment is 

open or closed; and 

maintaining the storage compartment in one of 
a state of cooling with said cooling element in 
an ON state, cooling with said cooling element 
55 in an OFF state, heating with said heating ele- 

ment in an ON state, heating with said heating 
element in an OFF state, and defrosting with 
both said cooling and heating elements in an 
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OFF state based on said steps of sensing the 
temperature and the storage compartment 
being open or closed. 

27. A method as claimed in claim 26, further comprising s 
the steps of: 

maintaining the storage compartment in a 
state of defrosting with both said cooling and heating 
elements OFF for a predetermined time period if the 
storage compartment is open. 10 

28. A method as claimed in claim 26, further comprising 
the steps of: 

maintaining the storage compartment in a 
state of heating with said heating element ON if the is 
temperature of the storage compartment is below a 
predetermined temperature and said cooling ele- 
ment is OFF for a predetermined time period. 
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